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ABSTRACT

More than a century ago, Ms. Henrietta Leavitt discoveredfitist Cepheids in the Magellanic
Clouds together with the famous period—luminosity relasioip revealed by these stars, which soon
after revolutionized our view of the Universe. Over the yedhe number of known Cepheids in
these galaxies has steadily increased with the breakthroutye last two decades thanks to the new
generation of large-scale long-term sky variability syse

Here we present the final upgrade of the OGLE Collection ofeégs in the Magellanic System
which already contained the vast majority of known Cephéldiee updated collection now comprises
9649 classical and 262 anomalous Cepheids. Type-ll Cepheitibe updated shortly. Thanks
to high completeness of the OGLE survey the sample of clals€iepheids includes virtually all
stars of this type in the Magellanic Clouds. Thus, the OGLE&ey concludes the work started by
Ms. Leavitt.

Additionally, the OGLE sample of RR Lyr stars in the MagelaBystem has been updated. It
now counts 46 443 variables. A collection of seven anomaleegheids in the halo of our Galaxy
detected in front of the Magellanic Clouds is also presented

OGLE photometric data are available to the astronomicalmanity from the OGLE Internet
Archive. The time-series photometry of all pulsating starthe OGLE Collection has been supple-
mented with new observations.

Key words: Stars: variables: Cepheids — Stars: variables: RR Lyrae -g®anic Clouds — Cata-
logs

1Based on observations obtained with the 1.3-m Warsaw tbesat the Las Campanas Observa-
tory of the Carnegie Institution for Science.
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1. Introduction

Since the discovery of the first Cepheids in the Magellanmu@s by Leavitt
(1908) and their famous period—luminosity relation (Létand Pickering 1912),
the catalogs of variable stars in these galaxies have beadilt growing. Up to
the beginning of 1990s, efforts of many observers led to ikeadery of about
2500 Cepheids and 300 RR Lyr stars in both Clouds (Artyukleinal. 1995 and
references therein). Then, large-scale optical sky ssrvieyparticular the MA-
CHO (MAssive Compact Halo Object, Alcoak al. 1995) and OGLE (Optical
Gravitational Lensing Experiment, Udals&t al. 2015) projects, increased by a
large factor the number of known variable stars in the Maget System. The
most recent edition of the OGLE Collection of Variable S{&@€VS) contains 250
anomalous Cepheids (So$ikiet al. 2015a), 9535 classical Cepheids (Sastg
et al. 2015b), and 45451 RR Lyr stars (Soézki et al. 2016a) detected in about
650 square degrees covering the Large Magellanic Cloud (L.i@all Magellanic
Cloud (SMC), and Magellanic Bridge.

These OGLE samples of pulsating stars have already beenrsgthy stud-
ies. For example, for the investigation of the three-diname Magellanic System
structure (Jacyszyn-Dobrzeniedkial. 2016, 2017, Inn@t al. 2016), with partic-
ular emphasis on the Magellanic Bridge connecting both Mawgje Clouds (Be-
lokurov et al. 2017, Wagner-Kaiser and Sarajedini 2017), for constrgatiretal-
licity maps of the Magellanic Clouds (Skowra al. 2016), comparing observa-
tional and theoretical light curves of Cepheids (Bhardetagl. 2017, Marconiet
al. 2017), or detecting peculiar forms of double-periodic ptilens in Cepheids
and RR Lyr stars (Smolest al.2016, Smolec anéniegowska 2016, Smolec 2017,
Soszyiskiet al.2016b).

The OGLE collections of pulsating stars published so famaeetically com-
plete in the central regions of the Magellanic Clouds (alusquare degrees in
the LMC and 14 square degrees in the SMC), because theseviietdsnonitored
during the previous phases of the OGLE survey (OGLE-Il and.B@l) and were
independently searched for variable stars. However, eateegions of both galax-
ies have only been observed during the ongoing fourth pha®&LE-IV. The
completeness of the OGLE samples of variable stars idahiifi¢hese areas has
been reduced by technical gaps between CCD detectors ofGh& @hosaic cam-
era. About 7% of stars fell into these gaps which decreaseddmpleteness of
our collection by the same factor.

In this paper we supplement the OGLE Collection of Cepheitds RR Lyr
stars in the Magellanic Clouds with objects detected inghiegions. The updated
collection now contains practically all classical Ceplseid hus, with the update
presented here we conclude the work on classical Cepheidedby Ms. Leavitt.
The upgraded OCVS also contains the vast majority of RR lanssand anomalous
Cepheids in the Magellanic System covered by the OGLE-I\d$iel
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The paper is organized as follows. Section 2 presents tleselatised in this
investigation. In Section 3 we briefly describe how pulsatitars were selected.
The upgraded collection of Cepheids and RR Lyr stars in thgeWlanic Clouds
is presented in Section 4, while a sample of anomalous Cegtetlonging to
our Galaxy is discussed in Section 5. Section 6 is dedicate¢ke completeness
estimation and comparison with the results from other laacgde sky surveys. The
paper is concluded in Section 7.

2. Observationsand Data Reduction

The observational data used in this study come from the ianxiphotometric
databases of the OGLE-IV project and were obtained from 202016 with the
1.3-meter Warsaw Telescope at Las Campanas Observatdlyg, Qlhe observa-
tory is operated by the Carnegie Institution for Sciencee Warsaw Telescope
is equipped with a 256 Megapixel mosaic camera composed GfCI2 detectors
(Udalskiet al. 2015). The standard high precision OGLE photometry of thgMa
ellanic System fields was obtained with the OGLE data pipe{lddalski 2003,
Udalskiet al. 2015) based on the Difference Image Analysis (DIA) metholdu(@
and Lupton 1998, Wozniak 2000).

The OGLE-IV camera has several technical gaps between teetdes, which
results in strips of “dead zones” in the skg., regions inaccessible during a single
exposure. The strips are from 16 97" wide which decreases the completeness of
the regular OGLE-IV databases by about 7%. To minimize thablem, a dither-
ing technique was applied to the OGLE-IV observations dutwo observing sea-
sons. Additionally, a natural dithering caused by impeitets in the telescope
pointing (rMms= 15") systematically filled the gaps between the CCD detectors.
One should, however, remember that the typical number afrebions secured in
these regions is significantly smaller than in the remaimiags of the fields.

The OGLE-IV collection of images is so large that it is now gibke to create
deep, good-seeing reference images filling practicallyethire area covered by
the mosaic camera. Therefore we decided to repeat the DIctihs focusing on
the regions that were not covered by the standard OGLE-I\a#aoins before.

The new DIA reference images for each OGLE-IV field in the Mbgec Sys-
tem were constructed from 50-100 best individishBbnd images, which resulted
in much deeper photometry than in the regular reference @m@agpmposed typi-
cally of up to ten images. Our deep reference images filledtipaly all “dead
zones”. The photometry of stars in these regions was olstaisang the standard
OGLE pipeline (Udalski 2003) running with this new set of deeference images.
We extracted photometry for all objects detected in the tdeanes” and their sur-
roundings (for testing purposes). Additionally, we obtadriime-series photometry
of all bright stars ([ < 15 mag) regardless of their position on the detector. Some
of these objects could have been saturated on the regulaEQ€ference images
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(which typically had better seeing) so their photometryha standard databases
was not available. Now, with the new reductions some of theaiccbe measured.

The new auxiliaryl-band OGLE databases of the Magellanic System fields
were created based on the new reductions. Because the npwedeence images
share the same flux scale as the standard ones, the auxiéitalpates are in the
same photometric system as the standard OGLE databasescalitnations to
the standard system were then carried out in the identicalasdor the standard
databases (Udalskt al.2015).

The total area covered by the extended OGLE-IV fields in thgd&llanic Sys-
tem reaches 670 square degrees. The number of data poitts ivetv auxiliary
photometric database depends mainly on the position ofranstihe field. For the
sample of the newly detected Cepheids and RR Lyr stars theamadmber of the
I-band observations is 70, but for individual stars we oldifiom 13 to more than
600 data points.

Because the new reductions were carried out only forlthand images (for
variability search), thé/-band light curves come from the standard DIA reduc-
tions, and about half of the newly detected variables do aeé ltheV-band mea-
surements. For the remaining stars, the median number of-trend data points
is seven, but in some cases it exceeds 100.

3. Selection of Cepheidsand RR Lyr Stars

The new auxiliary OGLE databases were searched for varsahts. The proce-
dure was in principle the same as that described by Sezgt al. (2015a, 2016a),
but we took special care to ensure the high completeness ohtiability detection
in poorly sampled light curves. All stars with more than tdvand data points were
searched for periodicity using two different methods: tlsekte Fourier transform
implemented in the RPEAKS code and the Analysis of Variance algorithm. Our
procedures were applied to about 18 million light curves.

From this sample we visually inspected the light curves #hithhighest signal-
to-noise ratio and periods from 0.2 d to 50 d. We paid spetiahton to stars lo-
cated in the Cepheid instability strip in the color-magdéudiagram (B<V — I <
1.1 mag), lying within a wide strip in the period—luminosityadgram covering
all types of Cepheids and RR Lyr stars, and withand amplitudes larger than
0.1 mag. Based on the light curve morphology, we selectedidates for pulsat-
ing stars, eclipsing binaries, and other variable starg&nThn analysis of periods,
mean luminosities, colors, Fourier parameters of the laginves, and period ratios
(in multiperiodic variables) allowed us to divide our saepf pulsating stars into
classical, type Il, anomalous Cepheids, and RR Lyr stanmsallyi objects in each
group were divided into subtypes, according to their pidsaimodes. For com-
pleteness, we supplemented our list by several well-knavwag-period classical
Cepheids that are too bright to be monitored by OGLE.

2http://helas.astro.uni.wroc.pl/deliverables.phpgten&active=fnpeaks
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Fig. 1. Spatial distribution of classical Cepheids in thegditanic System. Dark gray points mark ob-
jectsincluded in the previous edition of the OCVS, while peihts indicate newly detected Cepheids.

The gray area shows the sky coverage of the OGLE-IV fields.
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Fig. 2. Spatial distribution of RR Lyr stars toward the Mdgelc System. Dark gray points mark
variables included in the previous edition of the OCVS, whitd points indicate newly detected

stars. The gray area shows the OGLE-IV footprint.
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Our search led to the identification of 115 classical Ceh€l@4 RR Lyr stars,
and 12 anomalous Cepheids that were not included in the O8)@y. Red points
in Figs. 1-3 show the positions of these stars in the sky. Aseebed, almost
all new Cepheids and the vast majority of RR Lyr variableslaoated outside
the OGLE-III fields. It is worth noting that one of the newlytdeted classical
Cepheids (OGLE-SMC-CEP-4987) lies in the region of the Magi& Bridge, a
stream of neutral gas and stars that links the two Cloudsicleases the sample
of the Bridge Cepheids to ten. Cepheids in the Magellaniddgriwere recently
analyzed by Jacyszyn-Dobrzenieakal. (2016).
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Fig. 3. Spatial distribution of anomalous Cepheids in theg®lanic System. Dark gray points mark
variables included in the previous edition of the OCVS, rethts indicate newly detected objects,
and star symbols show Galactic anomalous Cepheids in tlegrimund of the Magellanic Clouds.
The gray area shows the sky coverage of the OGLE-V fields.

4. OGLE Callection of Cepheidsand RR Lyr Starsin the Magellanic Clouds

The newly detected Cepheids and RR Lyr stars have been addee ©CVS
(Soszyskiet al. 2015ab, 2016a). The full collection contains now 9 649 itats
Cepheids, 262 anomalous Cepheids, and 46 443 RR Lyr vasimtlee Magellanic
System. The exact numbers of stars pulsating in various siodeoth Clouds are
summarized in Table 1. The collection of type Il CepheidfimmMagellanic Clouds
will be published elsewhere.



Tablel

Numbers of Pulsating Stars in the Magellanic Clouds

Type Subtype LMC SMC Total
Classical Cepheids all 4704 4945 9649
F 2476 2753 5229
10 1775 1793 3568
20 26 91 117
F/10 95 68 163
10/20 322 239 561
10/30 1 0 1
20/30 1 0 1
F/10/20 1 0 1
10/20/30 7 1 8
Anomalous Cepheids all 143 119 262
F 102 78 180
10 41 41 82
RR Lyrae Stars all 39871 6572 46443
RRab 28193 5105 33298
RRc 9663 801 10464
RRd 1995 663 2658
anom. RRd 20 3 23

The entire collection is availablga anonymous FTP site:
ftp://ftp.astrouw.edu.pl/ogle/ogle4/OCVS/

At this site, we provide basic parameters of each objecssifi@ation, J2000
equatorial coordinates, pulsation periods (derived withTATRY code by Schwar-
zenberg-Czerny 1996)- and V-band mean magnitudes, amplitudes, epochs of
maximum light, Fourier coefficients, and time seriés:and V-band photometry
obtained from 2010 to mid-2016 during the OGLE-IV projecr{eer OGLE ob-
servations for some stars are available in the OGLE-III Ogtaf Variable Stars).
The light curves of pulsating stars released by Soskiet al. (2015ab, 2016a)
have been supplemented with new observations collectelddogrid of July 2016.
Furthermore, we provide, for the first time, the OGLE-IV phwketry for about
2500 Cepheids and RR Lyr variables known from the previoasehs of the OGLE
survey (OGLE-Il and OGLE-III), but located in the gaps betwdhe CCD chips
of the OGLE-IV camera.

A few objects have been reclassified in this edition of the GC¥ short-
period pulsator OGLE-LMC-CEP-1154 has been moved fromisief classical
Cepheids to the list of RR Lyr stars (the regular OGLE lightveuof this star was
affected by blending). Two stars previously classified ad RRvariables (OGLE-
LMC-RRLYR-03358, OGLE-LMC-RRLYR-16235) are likely ecBmg binaries.
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We removed these stars from the collection. In several d@fieLyr stars we cor-
rected their pulsation periods, which in one case (OGLE-:-RIRLYR-21326) led
to a modification of the pulsating mode.

5. Galactic Anomalous Cepheids

Until recently, only one anomalous Cepheid was known in te&l fof our
Galaxy: a first-overtone pulsator XZ Ceti (Szabadbal. 2007). However, thanks
to a large number of anomalous Cepheids discovered by theEXsBkvey in the
Magellanic Clouds (Sosngki et al. 2015a) we demonstrated that coefficieqis
and @31 derived from the Fourier light curve decomposition are ukefscrim-
inants between various types of Cepheids and RR Lyr starsngUbe Fourier
analysis, Sos#yskiet al. (2015a) discovered four Galactic anomalous Cepheids in
the foreground of the Magellanic Clouds — the first fundarakntode anomalous
Cepheids known in the Milky Way halo.

Table?2

Galactic Anomalous Cepheids in the Foreground of the Mag#IClouds

Identifier Pulsation P (1 V) R.A. Dec.
mode [d] [mag] [mag] [J2000.0] [J2000.0]

OGLE-GAL-ACEP-001 F 1.3204588 14.405 14.904 "ggn14551 —68°13566
OGLE-GAL-ACEP-002 F 0.8337190 16.824 17.376 "OA"57551 —71°0157/6
OGLE-GAL-ACEP-003 F 1.0701226 14.927 15.445 hpa"14574 —65°4238/3
OGLE-GAL-ACEP-004 F 0.7978865 15.520 16.185 "BE"08554 —79°3808/5
OGLE-GAL-ACEP-005 10 0.5041628 15.719 16.159 "22"11504 —66°4808'7
OGLE-GAL-ACEP-006 F 1.8836187 12.461 13.014 "p@"51547 —76°5442'8
OGLE-GAL-ACEP-007 10 0.5201967 15.138 15.933 "D@"34529 —70°0234'8

In this study, we extend our sample of Galactic anomalouh€ieg to seven:
five fundamental-mode and two first-overtone pulsators.tidse stars have light
curve shapes typical for anomalous Cepheids, but they ach tmighter than their
counterparts in the Magellanic System. Thus, we assumehbkgtare Galactic
variables. Table 2 gives their basic properties, while Bighows their positions in
the sky.

Note that the OCVS also includes Galactic RR Lyr stars |latatethe fore-
ground of the Magellanic Clouds. However, it is impossildecompletely sep-
arate RR Lyr stars belonging to the Milky Way, LMC, and SMCcéese ha-
los of these three galaxies overlap with each other. Forrdason the Galactic
RR Lyr stars have designations which follow the scheme fogéflanic Cloud
variables (OGLE-LMC-RRLYR-NNNNNN or OGLE-SMC-RRLYR-NNNNN).
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For anomalous Cepheids the situation is different — for @nen objects there is
no doubt that all of them are members of the Milky Way. Therefwe propose
a new designation for Galactic anomalous Cepheids: OGLE-BBEP-NNN,
where NNN is a three-digit consecutive number. ThemndV-band OGLE light
curves can be downloaded from the FTP site

ftp://ftp.astrouw.edu.pl/ogle/ogle4/OCVS/gal/acep/

Our investigation shows that anomalous Cepheids must e gumerous in
the Milky Way halo. We found on average one Galactic anonsaf©epheid per
100 square degrees of the sky, so simple scaling to the whpblers gives more
than 400 such pulsators in our Galaxy. We expect that a nuwibanomalous
Cepheids will be identified in the OGLE fields in the Galactitge and disk.

6. Completenessof the Sample

Soszyiskiet al. (2015b, 2016a) estimated that the completeness of the OCVS
in the central regions of the Magellanic Clouds, which wetemsively monitored
during the OGLE-II and OGLE-III projects, is nearly 100%¢chease these regions
were independently searched for variable stars at leasettimes. In turn, our
samples in the outer fields were affected by the gaps betw&ih detectors of
the mosaic camera, which effectively reduced the compésteby about 7%. The
main goal of this investigation was to fill these gaps.

Our new sample of 115 classical Cepheids increases by 6.8%thl sample
of Cepheids in the outer regions of the Magellanic Clouddside the OGLE-III
fields). This is virtually equal to the expected 7% of the mis®bjects in the
previous edition of the OCVS. Moreover, the OGLE-IV fieldgseto cover the
entire area where classical Cepheids in the Magellanie8yate present, thus we
are convinced that the OGLE Collection of Classical Ceph@idthe Magellanic
System is now practically complete. Thus, with this final afgdof the OCVS we
conclude the work started by Ms. Henrietta Leavitt (1908)ravcentury ago.

Of course, it is still possible that a few additional claasi€epheids can be
hidden in the far outskirts of the Magellanic Clouds, outdide OGLE fields. We
could also miss some objects located very close to brighs stgerexposed on the
OGLE reference images and masked around during the phatomegtuction pro-
cessesd.g, Udalskiet al. 2016). Other Cepheids that can be overlooked are pul-
sators with unusual behavior, for example single-modersgtavertone Cepheids
which show very small amplitudes and sinusoidal light carvilevertheless, the
number of such objects is certainly negligible.

In turn, the new sample of RR Lyr stars enlarges the OGLE coile of these
variables in the outer fields by 5.5%. It is more difficult tdetd RR Lyr variables
than Cepheids, because they are fainter and many of themthleddlazhko effect
which adds noise to the phased light curves. Therefore thptxieness of RR Lyr
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stars must be lower, but it is still above 95%. Obviouslysthalue refers to the
area of the sky covered by the OGLE fields. As one can see ir2Figje old stellar
population in the Magellanic System extends in every dioedrom the LMC and

SMC centers and reaches regions beyond the OGLE-IV sky ageerThe same
remark applies to anomalous Cepheids, which show similaiaistribution to

RR Lyr stars (Soszyskiet al. 2015a).

We cross-matched our updated collection with recently ighbd lists of pul-
sating stars in the Magellanic Clouds. Kehal.(2014) identified 4 212 candidates
for Cepheids of various types and 26 855 candidates for RRstans in the light
curve database collected by the EROS-2 microlensing su@eysample includes
in total 26 685 Cepheids and RR Lyr objects from these lidthpagh in some
cases our detailed classification does not match the Kénhal. (2014) sugges-
tions. The remaining over 4000 candidates for classicagiing stars published
by Kim et al. (2014) seem to be variable stars of other types.

The OGLE extended photometric database contalvend light curves of 298
out of 299 candidates for Cepheids in the SMC detected by t@eal. (2016)
based on the near-infrared VMC survey. We confirm that 39 eé¢hstars are real
classical Cepheids and two objects are anomalous Ceplivdids of the remaining
257 VMC candidates for Cepheids are constant or nearly aahstars.

The sample of 599 classical, anomalous and type Il Cephaii2395 RR Lyr
stars identified by the Gaia Consortium in the outskirts efltMC (Clementiniet
al. 2016) was discussed in detail by Udalekal.(2016). The current version of the
OCVS contains 2845 out of 3194 Gaia candidates for Cephaidf& Lyr stars,
although in several cases our classification differs froat gfroposed by Clemen-
tini et al. (2016). For example three Gaia Cepheids are re-classifié&RRakyr
variables. The missing objects were also analyzed by Udatsi. (2016) — most
of them lie outside the OGLE-IV fields, but the Gaia sampldudes also a few
dozen misclassified objects.

7. Summary

We presented here an updated version of the OGLE CollectiGepheids and
RR Lyr Stars in the Magellanic System. A collective effortrony astronomers
started by Ms. Henrietta Leavitt (1908) finally led to theatigery of practically all
classical Cepheids in the Magellanic System and of the vaginity of other types
of classical pulsating stars. The OCVS offers high-qualidgg-term light curves
obtained in the standatd andV-band filters, well suited for studying properties of
pulsating stars and their host galaxies.

Studies of exotic pulsation modes, period changes, phataraplitude mod-
ulations, mode switching, mapping of the three-dimendiaistribution of the
young and old stellar population in the Magellanic Systexpla@ing the star for-
mation history and past interactions between the Cloudd\viitky Way, mapping



10 A A.

of the interstellar extinction, calibration of the periddminosity relations, tracing
metallicity gradients are another examples of investagegithat can be conducted
with the OGLE sample of Cepheids and RR Lyr stars.

Acknowledgements. We would like to thank Profs. M. Kubiak and G. Pietiey
ski, former members of the OGLE team, for their contributiorthe collection of
the OGLE photometric data over the past years. We are gratefuKotaczkowski
and A. Schwarzenberg-Czerny for providing software usetiimistudy.

This work has been supported by the National Science Centiend, grant
MAESTRO 2016/22/A/ST9/00009. The OGLE project has reakiumding from
the Polish National Science Centre grant MAESTRO no. 20UA/5T9/00121.

REFERENCES

Alard, C., and Lupton, R.H. 19983pJ 503, 325.

Alcock, C.,et al. 1995,AJ, 109, 1653.

Artyukhina, N.M.,et al. 1995, “General Catalogue of Variable Stars”, 4rd ed., voExtragalactic
Variable Stars, “Kosmosinform”, Moscow.

Belokurov, V., Erkal, D., Deason, A.J., Koposoy, S.E., Degéln F., Wyn Evans, D., Fraternali, F.,
and Mackey, D. 201 VINRAS 466, 4711.

Bhardwaj, A., Kanbur, S.M., Marconi, M., Rejkuba, M., SingH.P., and Ngeow, C.-C. 2017,
MNRAS 466, 2805.

Clementini, G.get al. 2016,A&A, 595, A133.

Inno, L.,et al. 2016,ApJ 832, 176.

Jacyszyn-Dobrzeniecka, A.Met al. 2016,Acta Astron, 66, 149.

Jacyszyn-Dobrzeniecka, A.Met al. 2017,Acta Astron, 67, 1.

Kim, D.-W., Protopapas, P., Bailer-Jones, C.A.L., Byun).YChang, S.-W., Marquette, J.-B., and
Shin, M.-S. 2014A&A, 566, A43.

Leavitt, H.S. 1908Annals of Harvard College Observatqi§0, 87.

Leavitt, H.S., and Pickering, E.C. 191arvard College Observatory Circulal73, 1.

Marconi, M.,et al. 2017, MNRAS 466, 3206.

Moretti, M.1., et al. 2016, MNRAS 459, 1687.

Schwarzenberg-Czerny, A. 1998pJ, 460, L107.

Skowron, D.M. et al. 2016,Acta Astron, 66, 269.

Smolec, R., Prudil, Z., Skarka, M., and Bakowska, K. 2(NMIBIRAS 461, 2934.

Smolec, R., anSniegowska, M. 2018VINRAS 458, 3561.

Smolec, R. 201 TMINRAS 468, 4299.

Soszyiski, I.,et al. 2015aActa Astron, 65, 233.

Soszyski, |.,et al. 2015b,Acta Astron, 65, 297.

Soszyiski, I.,et al. 2016aActa Astron,. 66, 131.

Soszyiski, I.,et al. 2016b,MNRAS 463, 1332.

Szabados, L., Kiss, L.L., and Derekas, A. 208&%A, 461, 613.

Udalski, A. 2003 Acta Astron, 53, 291.

Udalski, A., Szymaski, M.K., and Szymiaski, G. 2015Acta Astron, 65, 1.

Udalski, A.,et al. 2016,Acta Astron, 66, 433.

Wagner-Kaiser, R. and Sarajedini, A. 20MMRAS 466, 4138.

Wozniak, P.R. 2000Acta Astron, 50, 421.



